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Chesapeake Bay long-term water quality
monitoring program: 1984-present

Maryland and Virginia
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What is our

Water quality outcome example:
Information gap analysis points to
monitoring information needs of the bay

OU r ca paCIty to MOnitOr and watershed scientists, managers and

recovery progress?

policy-makers

Watershed loads and trends:
Bay Water Quality Standards Attainment:

* World class monitoring programs may have gaps in their
fundamental needs to obtain decision-support
information.

Capacity to Monitor 1. Recommended

(USEPA 2003 scale): g



Presentation today

 Examples of 4 areas of recent adaptation and directions for
enhancement to the Chesapeake Bay long-term water
qguality monitoring program.
e Partnership agreement to use Citizen-derived data

* Developing protocols for adopting satellite image
interpretation into the monitoring program

e Extended use of water quality standards attainment
assessments to communicate progress

e Improving hypoxia monitoring and assessment



Advancements: Building new partnerships to address information
gaps and data needs.



Advancements: Chesapeake Bay Program partnership
agreement on the use of Citizen Science data.

2018 Memorandum of Understanding

Goal

e Use of data of
known quality

Tools
e Tiered framework

e Standardized

QAPPs and
monitoring
protocols

* Training Leadership endorsed (2018)!
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2016

2018

Citizen and Nontraditional Partner Monitoring
2015-present

Photo courtesy of the Chesapeake Bay Program



Chesapeake Monitoring Cooperative

A partnership that aims to provide technical, logistical, and outreach
support for the integration of volunteer-based and nontraditional
water quality and benthic macroinvertebrate monitoring data into
the Chesapeake Bay Program (CBP) partnership.

CMC development team Participating
Cooperative Agreement  partners & service providers  Jurisdictions



Preliminary site coordinates of
nontraditional (aka volunteer)
monitoring

Traditional Sites ‘

Nontraditional Sites ‘

Source: CMC



Collecting data of known quality supported by
Quality Assurance Plans




Quality Assurance Project Plans

Water Quality Monitoring:
Tidal streams (Tier 1 & 2)
Nontidal streams (Tier 1 & 2)

Benthic Macroinvertebrate Monitoring:
Nontidal wadable streams (Tier 1 & 2)

Approved by EPA




User-friendly Method Manuals




Chesapeake Data Ex
for Chesapeake vol




Advancing Submerged Aquatic Vegetation (SAV) assessments
1984-present

T.S. Lee 2018
2011 TBD

Impact



Data drive management and policy decisions.
E.g. Submerged Aquatic Vegetation:
Habitat Assessment and Restoration Targeting.
1984-present aerial surveys
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Challenges: Sustaining growth.
Baywide SAV Survey Funding History

VIMS Match

Army Corps

Committee for Preservation

USFWS

VA DEQ

VA NOAA CRM
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e Stepwise increased costs
In response to
management-driven
requests for products

 Near-, mid- and long-
term challenges to
funding pools.



SAV monitoring program challenges peaked with 2018 summer and
autumn storms. Can we improve our protocol for assessment?



Recent NASA collaborations on potential protocols for using satellite imagery:
NASA DEVELOP program output



Opportunities for baywide water quality standards attainment assessment applications:
water clarity



Funded for 2019-2020!
Community workshop on developing protocol for satellite
data acquisition, storage, interpretation and communication



Advancements: Assessing Incremental
Progress using Chesapeake Bay Water
Quality Standards Non-Attainment Results



Orientation for the CB Criteria Assessment
Framework: Historically binary results.

Non-compliance
region

—)

Time exceedance

O
?

Space exceedance



Chesapeake Bay Water Quality Criteria Assessment

Space {\

Area of Criteria A ‘s
Exceedence ssessment Summary

Multiple surveys
through Time



Visualizing Chesapeake Bay Assessment of Criterion Attainment Deficit
Dissolved oxygen 30 day mean example
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AD. Area of non-compliance = the difference
between assessment and reference curves
(i.e., “Attainment Deficit”).

1. USEPA 2003, Tango and Batiuk 2013
2. USEPA 2003, Batiuk et al. 2009



Advancements: Communicating STATUS — large regions attaining select criteria,
large number of areas non-attaining of water quality standards.

Current Status of DO Criterion Attainment (2014-2016)
Open Water (n=92) Deep Water (n=18) Deep Channel (n=10)
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Zhang et al. 2018 Front. Mar. Sci.



Advancements: Attainment deficit assessment has improved
communicating status and trends — long and short term for area managers.

Long-term baywide TRENDS
Mixed picture of stable, improving
and degrading conditions.

Short-term TRENDS

Zhang et al 2018 Front. Mar. Sci.
Maps by E. Trentacoste



Advancements toward real time hypoxia
monitoring and assessment




Advancements toward real time hypoxia
monitoring and assessment

e Long term monitoring includes
monthly sampling with biweekly
sampling during June-
September.

 Model-based assessments
suggested important differences
from biweekly monitoring
estimates.



2018. Virginia Institute of Marine Science model based hypoxia
assessment captured peak hypoxia missed by monitoring

Tracking information at: https://www.vims.edu/research/topics/dead zones/forecasts/cbay/index.php




2018 hypoxia through model-based assessment
shows full event duration goes beyond the
summer season.

This is an important consideration for water quality standards attainment
assessments perspective where summer season is described as June-September

http://www.vims.edu/research/topics/dead_zones/forecasts/cbay/hypoxic-volume/index.php



Bever et al. (2018) further show from model-based assessments that we can effectively
estimate and track hypoxic volume in the Chesapeake Bay Using two continuously
sampled oxygen profiles.

*Advancements: In 2019, the Chesapeake Bay Trust is funding a pilot study of
profile assessment technology. Data are expected to support calibrating
and validating the model results for hypoxia estimation in Chesapeake Bay

)



Additional directions for the program

e Climate indicator developments
e GAMs applications (Murphy et al.)

e Stream health indicator deve
and targeting areas for data co
(Buchanan et al., Maloney et a

opment
lections

)

Photo

courtesy of the Chesapeake Bay Program



Summary

 The monitoring program evolution continues by expanding partnerships now into the
Citizen Science realm to address data resolution needs (space & time)

e Doing more with existing data resources is a common request from managers. We
continue to extend data utility with new analysis approaches to support enhanced
communication product development (e.g. Attainment deficit, GAMs applications)

e As technology improves, application are explored to improve status and tracking
assessments of key ecosystem indicator (e.g. aguatic vegetation and hypoxia)

* Acknowledgements to the many dedicated scientists, analysts, managers, policy-makers
of the Chesapeake Bay Program partnership
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science for a changing warld Photo courtesy of the Chesapeake Bay Program






Temperature trends for the six CBP states

Chesapeake Bay Program

Science, Restoration,
Partnership

Annual temperature for NY +0.90°C
1895 to 2015 are shown. PA +0.76°C

Annual Temperature

WV +0.67°C
MD +0.85°C

DE 0.81°C

. VA 0.67°C
Approx. increases

over the last 30 years
based on the trend

l o S NOAA National Climatic Data Center

https://www.ncdc.noaa.gov/temp-and-precip/state-temps/
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Using existing data to propose and develop climate change
indicator needs of the partnership.

Advancement: Generalized Additive Model (GAMs) trend
approaches have been adopted to explain water quality trends






Figure 2. Stream macroinvertebrate sampling intensity in
HUC12-Bioregion subwatersheds of the Chesapeake Bay
basin, during baseline period (2006 — 2011). Red dots
indicate Baltimore and Washington, DC. (Buchanan et al.
White paper 2018)






2014 Chesapeake Watershed Agreement
Goals and Outcomes

Blue Crab Abundance
Blue Crab Management
Oyster

Forage Fish

Fish Habitat

Wetlands

Black Duck

Stream Health

Brook Trout

Fish Passage

Submerged Aquatic Vegetation (SAV)
Forest Buffer

Tree Canopy

2017 Watershed Implementation Plans
(WIP)
2025 WIP

Water Quality Standards
Attainment and Monitoring

Toxic Contaminants Research
Toxic Contaminants Policy and
Prevention

. Healthy Waters . Citizen Stewardship
. Local Leadership
. Diversity
Protected Lands Public Access Site Development

Land Use Methods and
Metrics Development
Land Use Options Evaluation

Student

Sustainable Schools
Environmental Literacy
Planning

Monitoring and Assessment
Adaptation Outcome

Links with data needs



Data needs:

» Spatial coverage: Local scale assessments to regional scale coverage

 Spatial resolution: desirable = as small as can be provided (e.g. 1m x
1m), however, it really depends on the indicator.

 Temporal coverage: Consistent data collection programming through
time with reliable support.

 Temporal resolution: indicator dependent again. Many seasonal to
annual scale data interests (needing multiple data points within a
season or over the year) but something like harmful algal bloom
tracking or flooding could be daily to weekly.






Restored system meets its water quality
standards

Applicable

Water quality
Standards

Water
clarity/bay
grasses

Chlorophyll

Dissolved
oxygen



Weighted Regressions on Time, Discharge, and Season (WRTDS), with an Application to Chesapeake Bay River
Inputsl

JAWRA Journal of the American Water Resources Association
Volume 46, Issue 5, pages 857-880, 7 SEP 2010 DOI: 10.1111/j.1752-1688.2010.00482.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1752-1688.2010.00482.x/full#f12




Annual bay-wide trends, and trends by salinity zone, in (A) total observed SAV cover (hectares,
from aerial monitoring survey), (B) mean water column nitrogen, and (C) mean water column
phosphorus concentrations (milligrams per liter, from in situ...

Jonathan S. Lefcheck et al. PNAS 2018;115:14:3658-3662

©2018 by National Academy of Sciences
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